ABSTRACT: A Gram-positive, ovoid, &plococoid bacterium tentatively identified as Enterococcus-like was isolated from diseased Macrobrachium rosenbergiiin Taiwanese aquaculture ponds. The diseased prawns displayed poor growth, anorexia, inactivity, opaque and whtish musculature, and mortality. In hstological preparations, melanized hemocyhc granulomas were seen in the connechve tissue around hemal sinuses together with hemocytic aggregation in necrotic musculature. Five isolates of dplococci were collected from diseased prawns at 4 farms and these were evaluated for 93 characteristics including morphology, physiology, biochemistry and sensitivity to antibiotics. The results indicated that the isolates belonged to a single species. They grew in 0.5 to 6.0 % NaC1, at 10 to 4OoC, at pH 9.6 and on bile esculin medium, gave positive pyrrolidonylarylamidase, arginine dehydrolase and Voges-Proskauer tests, were resistant to bacitracin and SXT, and were CAMP-negative and non-hemolytic on sheep blood agar. These findings indicated an Enterococcus-like bacterium closely related to Enterococcus seriolicida (recently reduced to synonymy with Lactococcus gam'eae). Experimental injection of 3 X 105 cells of straln KM002 of this Entercoccus-hke bacterium into the ventral sinus of the prawn cephalothorax caused 100% mortality in 11 d, and induced muscular necrosis and hepatopancreatitis, gross signs and histopathology similar to those observed in the naturally infected prawns. It was concluded that this Enterococcus-like bacterium was the etiological agent associated with mortality of the farmed, diseased prawns.
INTRODUCTION
The giant freshwater prawn Macrobrachium rosenbergii is commercially cultured around the world and intensively so in Taiwan. Production increased from 1315 tons in 1984 to 16 196 tons in 1991. However, despite a steady increase in culture area from 2316 ha in 1991 to 3185 ha in 1997, production decreased to 7612 tons (47% of peak production) in 1992 and 8467 tons (52% of peak) in 1995 (New 1995 , Taiwan Fisheries Bureau 1996 due to disease problems.
Prior to 1991, disease problems associated with M a crobrachiurn rosenbergii (Brock 1983 , Liao et al. 1987 , Huang 1995 ) included protozoa1 infestation (Epistylis 'Addressee for correspondence. E-mail: jcchen@ntou66.ntou.edu.tw sp.) on gills and cephalothorax, fouling by filamentous algae, microsporidiosis, black spot disease, idiopathic (spontaneous) muscle necrosis and branchiostegic melanization. Recently, 2 other disease problems have been linked to production declines. These are yeast infections, mostly in the cool season (October to March), and symptoms including a yellow exoskeleton, swollen hepatopancreas, milky hemolymph and opaque and whitish muscle tissue (Shu 1993) , mostly in the hot season (June to September). The latter symptoms were also associated with poor growth, anorexia and inactivity. Affected juvenile and adult prawns were first diagnosed to have Gram-positive bacterial infections in July 1994. This paper reports on diplococcal Enterococcus-like bacteria isolated from the muscle of such diseased prawns. It documents the morphological, physiological, biochemical and serological characteristics and the antibiotic sensitivity of the isolated bacte-ria, with comparison to reference strains of Enterococcus and Lactococcus. In addition, experimental infections to test pathogenicity were carried out with one of the isolates (KM002).
MATERIALS AND METHODS
Isolation of bacteria. Five diseased prawns showing milky musculature were collected from each of 4 farms in Pingtung county of Taiwan from July to October 1994. Bacteria were isolated from the muscle of diseased prawns from 4 different farms onto tryptic soy agar (TSA, Difco) plates incubated at 28'C.
To isolate bacteria, the prawn cuticle was surface sterilized using 70 % alcohol and then cut with a sterile scalpel to expose the underlying discolored musculature. A sterile loop was touched to the discolored tissue and then streaked onto TSA, which was then incubated at 28OC until visible bacterial colonies developed (approximately 24 h). Single colonies of dominant types were then selected and re-streaked onto TSA to obtain pure cultures for identification tests.
Bacterial morphology and growth. Gram-stained smears from pure cultures of bacterial isolates were examined by the light microscope to determine cell size and morphology. A drop of bacterial broth was suspended in 20 % sucrose solution to maintain bacterial osmolality and a drop was placed on a formvarcoated copper grid for transmission electron microscopy. After drying, the cells were negatively stained by addition of a drop of 2% phosphotungstic acid. Excess was removed by blotting and after drying the cells were observed with the transmission electron microscope. After passage of test strains in tryptic soy broth (TSB, Difco) for 24 h at 28OC, motility was tested by the hanging-drop method. The ability of the strains to grow in TSB at different temperatures was tested over a period of 7 d. Tolerance to NaCl was determined by the addition of NaCl to TSB cultures and examination for growth after 1 wk. The ability of strains to grow in TSB at pH 9.6 was also tested.
Biochemical characteristics.Test cultures were grown on TSA for 24 h at 28"C, and then inoculated into test media (35 types) for biochemical tests (Facklam & Carey 1985 , Song et al. 1993 . A pyrrolidonylarylamidase test h t (Oxoid) was used to determine the presence of the enzyme. Identification was based on morphological and biochemical characteristics according to standard classification manuals (Schleifer et al. 1985 , Hardie 1986 , Barrow & Feltham 1993 . Parallel tests were carried out with the commercial API-20 STREP system for bacteriological identification, and with the API-50 CHL system for carbohydrate fermentation (bioMerieux, France).
For antibiotic sensitivity tests, isolates were spread on TSA plates and exposed to antibiotic discs containing novobiocin (30 pg, BBL), chloramphenicol (30 pg, BBL), tetracycline (30 pg, BBL), kanamycin (30 pg, BBL), neomycin (30 pg, BBL), nitrofurantoin (300 pg, BBL), and sulfisixazale (250 pg, BBL). For 2,4-diamino-6,7-diisopropyl pteridine phosphate (0/129, 150 pg, Creative Microbiologicals, Taiwan) tests were done according to Seidler et al. (1980) . Sensitivity to sulfamethoxazole and trimethoprim (SXT, 25 mg, Difco), bacitracin (0.04 U, Difco) and CAMP (Christie Atkins Munch-Peterson) test were carried out according to Facklam & Carey (1985) . Lancefield serotyping for groups A to G was performed using a latex streptococcal grouping Kit (Oxoid, DR 585 A).
Infectivity trials. Strain KM002 was grown on TSA for 24 h at 28OC. Colonies were scraped off the plates and suspended in 0.85 % NaCl solution, at a concentration of 1.5 X 10'' cfu ml-l. A series of 10-fold dilutions of this bacterial suspension was made with 0.85 % NaCl solution, and 20 p1 of each blution was injected into the ventral cephalothoracic sinus of 10 prawns. Prawns (10 to 15 g in the intermolt stage) were obtained from 2 commercial farms, and acclimated in the laboratory for 1 wk prior to experimentation. The dose of bacteria per prawn ranged from 8 X 103 to 3 X 108 cfu (see Table 5 ). Prawns injected with a sterile 0.85% NaCl solution served as the control group. After injection, each group was held in a separate 60 l glass aquarium containing 40 1 fresh water at 33.5OC with aeration. Prawns were fed with formulated prawn feed (Shinta Feed Company, Pingtung, Taiwan) twice a day for up to 11 d. The number of moribund prawns was recorded daily, and bacteria were isolated from the tissues of dead prawns and characterized as described below.
Histological observation. Hepatopancreatic and muscle tissues of moribund prawns were fixed in Davidson's solution (Bell & Lightner 1988 ). The fixed specimens were embedded in paraffin and cut into 5 pm sections, stained with Gram stain and with modified Mayer's hematoxylin and phloxine eosin stain before viewing under the light microscope (Sheehan & Hrachak 1980) .
RESULTS

Gross signs and histopathology of diseased prawns
Prawn mortality in ponds affected in the disease outbreaks was 30 to 40%. The typical signs of disease were anorexia, poor growth, inactivity and opaque and whitish musculature (Fig. 1) . The opaque and whitish musculature first appeared in the cephalothorax and then extended towards the abdominal segments as the disease advanced. Upon histological examination, large numbers of ovoid diplococci were seen to be present in the hepatopancreas and the musculature. Hepatopancreatic tubules were necrotic and aggregating hemocytes formed melanized, encapsulated granulomas in the connective tissue of the hemal sinuses (Fig. 2b) . Necrotic musculature was also infiltrated with aggregating hemocytes (Fig.3b) .
Bacterial isolation and characterization
Fourteen strains of bacteria were isolated from the diseased prawns. Five strains were Gram-positive diplococci; 3 were tentatively identified as Aeromonas, 3 as Staphylococcus, 2 as Pseudomonas and 1 as Citrobacter. The diplococci were the only common bacteria isolated from the diseased prawns at all the affected farms. Some physiological characteristics of these 5 strains of diplococci are given in Table 1 along with details on prawn weight and pond salinity. All the diplococcus strains were facultatively anaerobic, nonmotile, Gram-positive, ovoid diplococci (Fig. 4 ) that sometimes formed short chains. Endospores were not Schleifer et al. (1985) , Toranzo et al. (1994) CFrom Schleifer et al. (1985) , Hardie (1986) , Barrow & Feltham (1993) found. All strains grew in media containing 0.5 to 6.0 % NaC1. Three out of 5 strains grew in 6.5% NaC1. All strains grew over a wide temperature range (10 to 40°C) and 3 out of 5 grew at 45OC. The isolated strains are compared to reference strains of Enterococcus and Lactococcusin Table 2 . All strains grew in media at pH 9.6 (28°C) and darkened bile esculin medium ( Table 2) . The results of biochemical tests for the isolated and reference strains of diplococci are shown in Table 3 . All strains gave positive reactions for arginine decould reduce nitrate to nitrite under anaerobic condihydrolase, leucine arylarnidase and pyrrolidonylaryltions. All strains hydrolyzed hippurate and esculine, amidase, but negative reactions for oxidase, catalase, but not gelatin, casein, starch or chitin. Hydrogen sula-galatosidase, P-glucuronidase, P-galactosidase, tyrofide was not produced. Hemolytic activities for sheep sinase, alkaline phosphatase, ornithine and lysine de-RBC (red blood cells) and CAMP were not observed. carboxylase and trytophanase. None were capable of AU strains were negative for rhamnose, galactose and utilizing citrate as the sole carbon source and none lactose assimilation with the API system. However, 1 of
Experimental infections
the 5 and 3 of the 5 were positive for spectively, and all were positive for Prawns injected with isolated strain KM002 by injection into the ventral sinus of the cephalothorax developed opaque and whitish musculature, and eventually died. A bacterial dose of 3 X 105 cfu induced l00 % mortality in l l d at 33.5"C (Table 5) . Prawn mortality occurred earlier when the dosage of bacteria was increased. A dose of 8 X 103 cfu caused 10 % mortality, with similar gross signs and histopathology in the moribund prawns. From Day 4 after injection, prawns developed opaque and whitish musculature, which expanded from the cephalothorax towards the abdominal segments. The infected prawns displayed necrotic hepatopancreatic tubules, melanized granulomas in the connective tissue of the hemal sinuses (Fig. 5b) , and necrotic musculature infiltrated by hemocytes (Fig. 6b) . Survival in the control group was 100 % and hepatopancreatic and muscle tissues were normal (Figs. 5a & 6a) . Re-isolation of the injected bacteria from the moribund prawns confirmed Koch's postulates.
galactose assimilation by conventional test methods (Table 3) .
All isolated strains were sensitive to 0/129, novobiocin, chloramphenicol, kanamycin, neomycin and nitrofurantoin. However, they were resistant to tetracycline, sulfisoxazole, bacitracin and SXT (Table 4) . None of the isolated strains responded to Lancefield A, B, C, D, E and G group antisera ( Table 3) .
The characteristics of the isolated diplococci indicated that they belonged to the genus Enterococcus. ALI strains grew at 10 and 40°C, in 6 % NaCl and at pH 9.6. The overall phenotypic tests h Table 3 indicated that the isolated strains had a high level of similarity to Enterococcus seriolicida, which has recently been reduced to synonymy with Lactococcus garvieae (Eldar et al. 1996) . Gelatin 
'From Hardie (1986), Barrow & Feltham (1993) bFrom Schleifer et al. (1985) , Toranzo et al. (1994) CFrom Schleifer et al. (1985) , Harde (1986), Barrow & Feltham (1993) Brock (1983) reported diffuse muscle opacity and softening of the exoskeleton in white syndrome in Macrobrachium rosenbergii, which displays gross signs similar to the white muscle disease described here. However, the microscopic pathology described by Brock (1983) was different. In addition, he isolated several bacterial species, including a Streptococcus, from the hemolymph of the infected prawns and suggested that the disease had a nutritional or environmentally related etiology. The lack of detailed characterization of the isolated bacteria makes comparisons difficult, so these diseases may or may not be different.
The first description of streptococci as an etiological agent of fish disease was by Hoshina et al. (1958) . Since then, epizootics of streptococcal septicemia have been reported only spora&cally among cultured and wild populations of freshwater and marine fish (Kitano 1993). Streptococcosis DISCUSSION caused by Enterococcus-like bacteria has been observed in turbot Scophthalalmus maximus (Toranzo et Handling, crowding and several environmental factors al. 1994) , and in Oncorhynchus mykiss (Ceschia et al. such as salinity, temperature and low dissolved oxygen 1992 , Ghittino & Prearo 1992 , Palacios et al. 1993 ). can cause opaque and whitish musculature of decapod Enterococcus seriolicida was reported to be associated crustaceans. This is commonly known as muscle necrowith mortalities in yellowtail Seriola quinqueradiata sis or spontaneous necrosis (Lakshrni et al. 1978 , Brock by Kusuda et al. (1991 . It had previously been isolated 1983, Lightner 1983). This opaque and whitish muscuand classified as Streptococcus (Kusuda et al. 1976) . lature commences at the tail, and progresses to the head, Although E. seriolicida is known as a pathogen of saltwhich then turns to red (Lightner 1983) . No bacterial water fish species (except for eels), it has never been cells are present. These changes are reversible during the initial stages of Table 4 . Sensitivities to antibiotic disks for the strains isolated from diseased if the causative Macrobrachium rosenbergii in comparison to the reference strains of the is eliminated. Huang (1995) has obEn terococcus and Lactococcus group. SXT: sulfamethoxazole and trimethoprim; served spontaneous necrosis in Macro-ND: not determined brachium rosenbergii, which is characterized by a hyaline degeneration of the musculature, followed by necrosis with no hemocytic infiltration and no bacteria present. These observations contrast with the observations for the infected prawns in the present study. Here, the opaque and whitish musculature developed first in the cephalothorax and then progressed towards the abdomen and it was accompanied by necrosis and gross infiltration of hemocytes in the muscles and the hepatopancreas, where Gram-positive bacteria could be found. Schleifer et al. (1985) , Hardie (1986) , Barrow & Feltham (1993) (cfuprawn-') 3 4 5 6 7 8 9 10 11 mortality (%)
Injection into 3 X 10' 1 3 3 2 1 100 ventral sinus of 3 X 107 1 2 1 2 2 2 100 cephalothorax 3 X 106 1 1 1 4 3 100 3 X 105 1 3 2 1 2 1 100 8 x 104 1 1 20 8 X 103 1 10 Saline 0 described in freshwater species. Nor has it been described outside Japan. Using the API system, the strains were identified as Lactococcus lactis. Murray (1990) reported that 56 % of lactococci tested grew in 6.5% NaCl and that 25% of these, in turn, grew at pH 9.6. However, in tests using the API 20 STREP and CH 50 systems, Eldar et al. (1996) found no difference between Italian field isolates and reference strains of Enterococcus seriolicida and L. garvieae. They reported strain variability for growth at 6.5% NaCl and at pH 9.6 or at 45OC, and identified these strains with a probability of 79.8% as Lactococcus lactis. Using genotypic methods, Eldar et al. (1996) obtained results in favor of the argument that E. seriolicida is a synonym of L. gam'eae.
On the other hand, tests for hernolysis and CAMP, for susceptibility to bacitracin and SXT, for hydrolysis of PYR (L-pyrrolidonyl-P-naphthylamine) and hippurate, for salt-tolerance (6.5% NaCl), for heat-tolerance (45"C), for growth in bile esculin and for growth at pH 9.6 are important criteria for differentiation of streptococci (Facklarn & Carey 1985 , Schleifer & Kilpper-Balz 1987 . Enterococci are generally more salt-tolerant and heat-resistant than other streptococci (Barrow & Feltham 1993) . They are also resistant to bacitracin and SXT, positive for pyrrolidonylarylamidase, negative for CAMP and positive for growth at 10°C and on bile esculin (Facklam & Carey 1985 , Schleifer & KilpperBalz 1987 . According to our findings, the strains isolated from the diseased prawns would be classified in the genus Enterococcus. Further research on genotypic, molecular and antigenic characteristics for the Enterococcus-like bacterium isolated from diseased, farmed Macrobrachium rosenbergii is needed Enterococcal muscle necrosis of Macrobrachium rosenbergii commonly occurs during the summer when there are phytoplankton blooms. Prawn farmers have experience which suggests that exchanging ground water at this time may decrease prawn mortality, if it is implemented when disease signs first begin to appear. They consider that infections occur due to the accumulation of feces, unconsumed feed, carcass debris and molted shells. These wastes may constitute a favorable environment for the growth of Enterococcus-like bacteria and may also reduce prawn immunocompetence. High organic loads and poor water quality have been reported to contribute to an increase in numbers of bacteria in rearing ponds (Cook & Lofton 1973 , Sindermann 1974 , Ueda et al. 1992 . There is also a direct relationship between bacterial concentration in water and bacterial concentration in hemolymph (Brady & Lasso de la Vega 1992). There are also reports to indicate that adverse environmental conditions can have a negative effect on measured defense parameters and resistance to illness (Dean & Vernberg 1966 , Truscott & White 1990 . Further research is needed to study the susceptibility of M. rosenbergii to this Enterococcus-like bacterium under different environmental conditions.
